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PURPOSE: To achieve a charge -multi plying capacity inducing the collision ionization of a charge carrier in a CCD cell. 
CONSTITUTION: A DC-biased transfer barrier is formed below an electrode 56 with a phase 3, and a temporary accumulation well 
is formed below an electrode 54 with a phase 2. When the biasing of the electrode 54 with a phase 2 decreases, an accumulated 
charge is injected to a high electric field region between the electrode 56 with a phase 3 and the electrode 58 with a phase 4 over 
a transfer barrier below the electrode 56 with a phase 3. While a carrier travels in a CCD channel, It collides with a lattice atom and 
releases additional electrons from a valence electron band when an electric field in the channel is sufficiently strong and leaves a 
collision region along with positive holes and electrons being generated due to the collision and becomes free. A pair of electron 
and positive hole is separated by an electric field in a direction that is vertical to the surface of a CCD during the collision 
ionization, only electrons are gathered in a well below the electrode 58 of the phase 4, thus multiplying the electrons. 



Abstract 



Data supplied from the esp@cenet database - 12 



http://l2.espacenet.com/espacenet/abstract?CY=ep&LG=en&PNP= JP7 176721 &P... 2003/08/22 



JP Krw 



09)B*s»»if (J p) (i2) & H 4# IrF & $a (A) 



#W¥7- 176721 

(43>&gHB ^i*7^(1995)7^14B 



(51)Int(X 6 




F I 




HO 1L 29/762 








21/339 










9056 -4M 


HO 1 L 


29/ 76 3 0 1 A 








*§it* ^^c^2 OL (£13 JO 


<21)fflil#*f 


#&¥4- 184092 


(71)ffi«A 


590000879 










(22)tiMB 


^4^(1992) 7^108 


















-fe^h^X^XtTVX^X-f 13500 






(72)3£$J# 


















-F7>, y T — — hW^ 608 






(74)«fflA 


^ (^2^) 



(54) -f^-^-feVU- 
(57) »»] 

mm fissAW 77$ nfctswtt^ffi 5 e cot 
n^5o 5 6 tm«5 8 tojwi:»« 

(D^iBi^i^T, 5 6 s 8 ^<Dm<o^n 

8 <z>Tcd#^^Ic:*85 enT«»©*«Wf t>n«. 




—163— 



I 

isi*JB2] mwmmw (cmd) ccd^t* 

[0 0 0 1] 
[0 0 0 2] 

■* © C C D ^ * — > fc o T* JMUG>»* 
[0 0 0 3] cn£T£©#!K:*5V»T, iSft#**a> 

cco-f^t >-*4^<£ o ^ < co@^ 

*M*Jt (S/N^t) CD&TT&* 0 

[0004] -f *—sh* B*sau ran 

«m^fI8g<D»rfiF7nr7 (noise floor) t 

[0 0 0 5] mttm***0||*7D7«ffi 

ATS fettle. -fe>1fC!>KW-*HU ^kTCif^l 
Mlsltt^fflV^fcD (IEEE Trans, on Co 
nsumer Electronics S<7> 1 9 8 9^ 
Sg3 5^. ^3^13 6 8-3 7 4 



4$&g¥7- 1 7 6 7 2 1 

New NoiseSuppression Met 
hod for High-Definition C 
CD Came r a) n ) , «ffi£mftffi&ffl»fet> 
(IEEE Trans, on Electron D 
e v i c e s 1 991^5^, ^ED-3 8#© 
11 0 2 1 - 1 0 2 7 IZffiffiZnfz "J***^— KT» 
(FT* 2 5 0 k@^S I T-f * — 5>-fe>tf (A 2 5 0 
k-Pixel SIT Image Sensor 
Operating in its High — Sen 
sitivity Mode)"). W«-G>«* 
<0«LV^««f*m»»€«ffl-r* (IEEE Tra 
ns. on Electron Devices 1 
991^5^^, BED-3 8#C0M1 0 4 8-1 0 5 

lKisftsn*: "iMHwccD-f *->>±>vm<o9i 

V^{&&^fttJ*%1®& (New Low-No i s e 
Output Amplifier for High 
-Definition CCD Image Sen 
s o r) w ) ZL\Z£z>T^m*t>nB£^<D&m<t)&& 

3*lT*fe. -tn»+vU7»«35n«-C*2>. 
[0 0 0 6] Sft, ff6^0*77^¥U7*tt^rat«IK 

h^-f^-F (APD) " twtfn, *»«<&#frctt 

£ 7iJT^7^yVXWb 19 8 5 

*£fclmJ£2*lfe. Semiconductors an 

d SemiraetalsyU-X^2 2t, "3t* 
jSJU&ftF (Light— wave co mm u n i c a 

tion Technology)"). Hi£"C&* X 

(IEEE Trans, on Electron D 
e v i c e s 1 9 9 0^8^^, ^ED-3 7#<E> 
11861-1 8 6 8 «CiB^3tlfc "WHHte- Kit 
*5#5S i 0 p - n if ^fc*n7 1 h^t- 
<Srbv>S&3pm-f v-fc>1r-fe;i/ (A novel 
High— Gain Image SensorCel 
1 Based on Si p-n APD in 
Charge Storage Mode Opera 
tion)")- 

[00073 +t T J7*«^fi ecoiagfc#5*s^ 
a*##fcd>&v>fettK:, ^a^aflDAPDt^ 

^fiir U 78c£iitl&<z>*i*:7 DTiOfet 
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(3) 

3 

^L<&*. L£>U APD^coggteffigy 

(^-^©Efttfrfcft^) Xffi**^*fflSgi: 
PM*©* 0*V>** U 7*«HT£*ET* J;3l;:«f 

Ct^BBft^i:^ 7* MM h (photosi t 
[0 0 0 9] 

[0 0 10] — ttttfc, *:VT*&W<Dir><Dm!&\Z& 

jBJirxa*'S'trccD-fe^it>T<3[>*»*«a>*j**tBi a? 
[ooii] ««9ia>Ma> l r><Dj&mrc\** ccoir;w 

[0 0 12] ^^C0SlJC0 1^C0^liT?H> <f 5Mz 
-f 7Xl"<Jl<&MR'r«C&. HB/HTXl/'VWt, 

[0 0 13] *«W03etCfflflDl^<D^tlTtt, CCD 
ir;W^TCD*l9^^ U 7CDffi^m«fc£^T«S7W#« 
*n*J:5l:a:ofe«»*«8i (CMD) CCDW 

[0 0 14] **^O3ECKiJ<01^(D»llTli, — P9» 

Ml $ *xfc C C D -b^0>«» + * o TfGEm 



^¥7- 1 7 6 7 2 1 

trtMfiMBSW (CMD) CCDtMH^ns. 
[0 0 15] *589io3eic»J(©i^o^lBTtt, -f*— 

tlTWEr IM *<ZM ;*-^fc<fcoTfS£T*mtfl^ 

/H7XI/^ipB7H©^< £fc lr?g>-fc;P* 

tl S ftfiMMMMB fc«*&*f ^-yt>f 7K 

[0 0 16] *»W<0HlC»J<Dlr)O«J6Ttt, 
^**Wrr*&8fra>7iM» IIB7Kfl)IB*^W 
*lTfftE7 k-f *©-f ^— i^lCJi^T**^"***^ 
^ft««r*fc*co«ffl«, «E7Wi«kfl«i^ 
ft^nTHEtfeUSn^: l^/kfc*«LTilMB7 1M ^ 
CO/H 7X l/^i»t5fc»0@8T*oT, ME 

/t-f 7 x i^^^wner v< <d$>i& < t *> i ^©-tji,* 
tf s b*mmmmb Afc-f * - ^-tr >-y-r w 

tt&tmm (mo t i on) Ifx^A^^^H^n^. 
[0 0 17] *«l803Ek:Woi^^J|T?tt, -f*— 

^s»»nfc*©rw, HB7W©iB*^ft*« 
nt t& et im * co-r ^ — s? t <t o * 
;w&*ffiT*fca&o>*ttHS, ttiErwi^migi-vo 
ft*«nt tSE^ai 3 i^hcjssf b-csoET im ^ 

M-f 7X U^^«tE7 IM cq4>&< 1 -p^-fe^ct 3 

irU7fcJ:^T«*««S5l#iB^-r&8e)©0», £^ 

tsttfrm (still) tf^^j^^^W^^n-So 
[0 0 18] *^<Z)#mKi, £0X1*11 

-v-t >u->& wig i*r * t ^ ^ c <t 

[0 0 19] *^<7)^_t<D. *5i:r/^n^<D^^*P 

\zt*mc&mnn*:tti,x&z. 

[0 0 2 0] 

[0 0 2 1] ^itf&^rCCD^g'vm^^eiiJCJ: 
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5 

D±.>WZHTZC CD (DKStm*, :7*MMhTJR 

mistirznmmwt&uv atnH-fy^±©) 

m&aSLTffiSfcfr? ££#X€rft. 
10 0 2 2] **?«<Dfc^«:fflV^T. WSCiSWM*^ 

k * ^ tttt > ^ > y*tfj«^a«-r ft * * u y wa. 

ItoT. J:0XV^«ta. -eLX**** 

**T©«*3Mt*»aw*&M»P , rft^a:fcj:ftiraEw 

»tlr>^»S&«^ftiltfcifeft. 

C0 0 2 3] mi \*—&&i\z i o x^£n*tfism#: 4 « 

CC D#tf££^LX43D. -^njiilCO^IFTK^KD^ 

x, mm*mvT<D <MW®mt£isV» «*P«^4ffi^ 
2, i4, i 6, -ett i 8^-tn-en**.snft/tfl' 

<o^»rft*wo5fe«fc«tt#F^**u, t&«xm& 

ft. ti a>eti ' <Dmm&i?ny?y*<i?j[,&i& 

[0024] m3 \at*&m<D& i off »QM39t-HB 
Wfc s o T^^nri^. iinttH i oe^s^c c 

D"fe;Kr««fi||««tB*lft^i&^^:t>©T«ft, B3 4 
ftfc&fc. 4<@CD>y-h®ffi5 2. 5 4. 5 6. ^LT 

5 8^n^n^$n^/tK^^T^'T $ 

*ft. a^AW 7X3tl^IBi^ffi 3 tffi 5 6CD 

izjBA^nft. ttfflitti*^»«tbT#«u iis« 
fc:bt>*ttat±#-rft£) . »aatirv^ft«ffif«tt« 

31S56 ©T^l^l^iiT, fiffl 3 mffi 5 6 t 

tt«4««s 8t(om<z)iS5«#<p«^ttAsnft ex 
^^;u+*»»-rftW(^ -^n«t&T^«^Tftm^t 
\z "waatfsi" *»»rft. b*>u ^**;w>© 
»»-rftrat«#^e+^x*;v^-*»ftj:t^T 



(4) W7- 1 7 6 7 2 1 

^r, »^?^*«Tftz:^ir<i:oTM?*^6«Hn 
»fe«T£«m*rfto »»*tU7H ^i:<t-3t4 

ft. c<Djastt«^«(Bi:i*tfnft. coisg+ir«^ 
e»nft- iblwu ccD«Kfii:-en&©^*»Bftfc«fe 

t*^etlTV>ft. 

tdtr€Tft. :fi)Cttttt*lM5 2S)lKJK 
*&S«4M5 8«ttl/^M>f7XU 
^TOT2t®5 4^j|l/^K fi«1«i5 2W 
nco^cDte J: "5 KA-f 7*Tft £ o 

Tfr^tifto roNf^CT. **yytt*<DRK©-Wr» 

tift. ^(0aPt«&ffl4m®5 8SKH;KW7X 
IT, SaWffi£tfctt3«ffi5 6T^«ffcK®£iS**.X 
&ATft ££T5l#fSnfto 0 3^^§gj5>^J:5lr, * 
t'J7^2fS5 4 T©-»tt*»#F^EiT <k 3 

fce$rrft;i£fcx€rft. c«2itiitt*4«a5 8© 

A-frX*TMT, (fcffl2f|®5 4<D/t-fr^«r±.WTftC 
tfcJ:oTfft>tlft, ^2ii5 4tftffl 

*&&ft^&Ete*5WT*ft. 

[0 0 2 6] CCD^Y*^*5ViT««T*«*3Bj«-r 

ur^^UT*^i*rftcit^iixa5fto iinecD^ 
im, 2-r><oB«-rfty-h«asiaifc*4sa:i&&#>Lft 

40 fnxk!^^ytMiiaoT) ft«:ftH— 1>^» 
#&l*fc*ftJli:«Ci-3T5fej«anft. AfiB&CCD 

(DC CD OmmU 1 -DW- hfr *>VWf— boJUbfr 

U>/(fringing) MKrlS]) «IWlX£ft]T£ 
»*<*Ta-rftJ;^lcUT«5afl:**H^nx^ft. - 

«>»»©as*tt«w«Baa»* (cte> *«*t«*3fe 

A*^, B^o«*fi^m«rK^^»J«f ftctx&ft. 
5» y-h^/^7X^t5l:#oT, «Wtt«t>b 
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7 

£&%\zm&<Dmfr®m^wm~?z>&5\zmt\, asm 

<Dj^Tx&*n<»m±\/^Mzmm~?z>t. m#\*-r 
^T<nmmmizfc<D#T*izmx.*>nx^z>. mmfttz 
ccD^t tur (ommm zLt>u\,*mmu& 
mmtt c c o#-enco#F£S^o izwvtmiztmx 

e^o ^ a y ? mmmnfflmfr h ±<d/w t x a*^ 
mft&^nzvmtt&mizMMVft®:, mmitrnxmrn 

xm$zmm&3\ z-rrztb\z+#±% i>x*;i/*-£ 

*l**«fafci. ^l#coee^X>^ (se I f— que 
nching) Z>tz*b\Z, CCDft^ 

[0 0 2 8] ^ 0 c c D8gt:(i 

<Dmm>irti\z>hmm-citz. u^l> sck-t^^^h 

&&m*m%fr\zuzta&t&&* m *fe*#^«#fpi« 

*)vmmz&i,*x 

^CDSliCMD'ir— bV>'?<mv>Mt 1 bM^U'VUz 

[0 0 2 9] m6ltf&km6<Oim{fcm (v i r t ua 
1 phase) l*^f^;VCCD^l (^-9" 
M>XW>7TC2 11) ^-»:7 0T^L 
T*3I9, -tlcDKif^ti*:^^2<D»^JS^^^ 



(5) W7- 1 7 6 7 2 1 

8 

<DW«Afc»*$n&*H#tts§4, 6 7 9, 212^ 
\zmm\zm^nx^^ 

[0030] B6**5, *>vmm\zmiEt£!7Uy?i)m 
teznzixztt, tc2 1 ltzttmisXtozmmttttr 

>^ (ant iblooming) V 
$:CMDy-h7 4tlTMT^^^t3(lW. 

^^M^A^n^Mt, ^7 6®Tl:^«^ 
167 4®{5|M (virtual barrier) tCMD^ 

-r^<h, CMD^S7 4 ^/t^TXttTfcf* 

(virtual well) ^fej^n 

[0 0 3 1 ] C C D*jf fc^WS*^f««(D3aiR«tto 

%y^&'$'2>rztb\z, m s<dtc 2 1 ig@8 4«-r^ 
20 > (*?>/7M/^^fcW) menx^^ t 

C 2 1 lt>^8 4li7;V7^A (full f r a 
me) &mx$>Z>rztb. fflVft&)JL&b\z$£.Fftc$?lZ> LED 

7fc2H8 2 fcttw^Moj^^WMmjn 

£> a LED8 2«M^-illT-f^-yt>y>^X 

^^A^nrc^-r ^>^/ 1 c9 ooanpTTBiws e 

t 8 8fc<fcoTii>it8 O^J&sn^. ir>1^8 4^ 

[0 0 3 2] H9<D^^nxn-^«itt€^fii^«|g^ 

te^©*£T£K&LT^*,, ^ntMTOi:, 010 

8co02Sc7)^cDt*^^aj^7^^UTV^ o 
6. -f — vHl>1J-8 4<DJ&mi'7 b l"i?X&<Dft.< \Z 
40 M«Xh7-f ;/a>£<0 CD) 

&cDCCDg*Rt (Sot, ^HSco«ISlg«IS:|Sg) 
^-^xuycogjt^ («<?>*«) com^f 6 

smm$:m>z>xfcj£2*LX\,>2>&. +mzmmztxx^ 

[0 0 3 3] a8 0@»d^»^n««^:©ii«tt^J: 
50 f 5XT*^ ilC0^S?^U 6 5*(D7-f >£^A,TV> 
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(6) 



1 7 6 7 2 1 



10 



mu* = 1. 0 1 tV^5pJ#fc*«$n-5, ^fcttlgk 
Steffi v> l xS*<D«#u^;Hi«tr3Eift$n 

D ^ ;* - ^ir >U- ir 2* b T t-f 7 X co^iE &JTT 

[0 0 3 4] &±<D£?\Z. CCD^^^Hr^ViTm 
W*««i6£*KbT#&i&^ «*tt*©*^iii*<0C i0 

l^cD^T^8^nsi©^Hi^HT (excess n 
oise factor) FICfcoTa** 6 

n& : 

[0 0 3 5] 
[Si] 

F = (1/M 2 ) <n 2 >/<n, a > (Da? 
_bCD3;(l) ©£ofcJ6«»*^©¥i5£ja#U <n> 

[0 0 3 6] 
[&2] 

M=<n>/<m > (2) * 

(S/N) cd =n P (rip F + 

CuT, n, i^igM^nfc+tur^ (S 
/n) p tt^ajB^rt^nfc^^uTow^stw 

It, (S/N) .tOT^CCD-f^yt^©! 3> 
^*H**Jfc* (S/N) c.d tt*«i9*£*jUfcC CD 
-f ;* — $>"te >-trco#^^*f Wit, ^Itm ti^ffift:^ 

(Q. ) d = (F+ (n, /M) 

£^5£5fc*M©«»fc§|bTt>, n, =2 0^1 

\zmmztirzxm&nm4, 6 5 6, 5 0 3^tcjgg^ 

T, n P = 1 (D^mz^X (Q. ) e.d =0. 7 0 40 

7 &m&^zzit.imm^&z>^t&®B>\zftfr2>. m 
feicMD^ffiffisn^ttnti (q. ) .*ra#c<*> 

£?\ZteZ> : 
[0 0 4 1] 
[»7] 

(Q. ) (1 +n. 2 /n ? ) ->/» (7) 
££>»^ (Q„ ) ,, = 0. 7 0 7li^tn, =4 0 

ir>^CMD&*^ir>^tC^bT»^^t)-& 



* [0 0 3 7] Cff)iMHffiTMatfH8<DMt:'9 

7 JiftJ^CO CMD^ — hdl/^/W 7X lt*#T<£>tt# 
ttfc^U JW#»D<D43K£«bTV>*. 2 0#^h# 

jgoy- h/u yx\z~DUT*ntotz%m<DMim&m& 
&n*. » i ©at* i i ?) ^#^s#©ieti5 1/ 

U flirt J&*fSfnfciBtJ<. £<D»#jftT, CCDftW 

[0 0 3 8] ia^«#HTF<o<s»iHi i tc^nr 

OTP!*-?**. Zti\t*tc* ttttBTMfc»£A>£ftH 

&t&*. c<DZL\mmzmmt£m&v&z>T. mm 
mta c c n 4 * - e^ir >u-a> & «^ fc jg v^»fp 



[0 0 3 9] 
[&3] 

(S/N) p 
[84] 

(S/N) .« 



= (n, > 



= n P (n, +n. 2 ) 



(3) 



(4) 



(n. /U) 2 ) (5) 

JK^ftT^bfcifiillWIIW^nTT**. CMD^l^ 
if A CCD o««#«*Jt«AAA#a>A«#IK*Jt 
^bT^ftrr^JltfcJ:^'r, ^cofHffiJg^Q. : 
[0 0 4 0] 
[R6] 

2 /n. ) -*'» (6) 
[0 0 4 2] CMDtt*©»g©trK:3JWi*©£5fc 
b<D-C$>Z> : CMDtt^ffi Gnu ltiphase)^ 
S^^*— tt«©{R«y— F (virtual gat 
e) CCDfc35Si£^«HiOH#CCD«Bft<Dffi*<Z>fe 

*«K0H)0«]Eft«IZ«!>^ »*J|L*:/WXfcbT*A. 

[0 0 4 3] #Jtf> 1 -3C?)#g«, Srbv^|?«««^o 

A^V^tT^^c ^<^^<D^^S 1 3 \Z7*lsX& 
SI 3 a«CMD«^S:CCD^^^;^^aiSg 
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11 

mizxiiznz. ^nti^ircMD^^^jn o 
^3te>n*o z&wfenmmmi** cmd^ho 

1 3 c fi h^ty^ (racetrack)^ 

CMD^^H 1 2*^&Fm\Zi/7 hZn. "£ZLX 

m^(om^mm^m^^rci^\z^tt^)v-^mz 

i!#h>:7h2tu *:<D'&lhj] C CD UiSX? 1 1 4^31 
ff^-T^o ^:&<7)^1 3 d^VK^CD^JCCD^Y 

i 8^^ux43 0, *n«¥— ><d« 

h*ff>DT2*iZt$:~DX£>r)* mWz/y 1 2 1 

[0044] *%m<Dm$mfeom&\tm##mT8Lto 
<D&M<DccDmm\z&M,\zm8-tz>zt&7?%z>. m 

[0 0 4 5] CMD«ff©W*«»»tt^C 
MDf£@£, ftfi&ffi*i^£Sl^Jfttttt (AGO 

s^si4t'^-ro zzlx* u>t:i2o^cmd/c 
cd-t *-^-fc>-9-:rw i 2 2±\z<i t-isz&m 

Ttf^m^^air^^i 2 4^S?flffi;b£&&U If 
^m^T'Piryitl 2 4<0ft;m«-^:fcJ;tf/£/t 



(7) W7- 1 7 6 7 2 1 

12 

w*tte-^/w©wta«i 2 6K£ot\ 

n^AA££^^>^£g§l 2 8*>£<7)^X^ h 
(we i gh t) «»4:fc*^^T. gf*fc£;ft£<, fcf 
2 6tiCMD/CCDKlbi§Ip| 

#HCMD/CCDK««lEiai 3 0IC«fcoTffiV^n 
T, CMD/CCD</-^t>^l 2 2^\ie>n^ 

io mv-^smbu ttwz^xn^mt^ heots 

[0 0 4 6] £LbcDJ;<5K:, ^< ^^jg^Jfe^tCO 

a? [0047] «»««ft»*fcu £e©f§*t 

[0 0 4 8] -&tftV^*Sti*^^<0«fflt-p-rS« 
[0 0 4 9] ^^.tWggCDg^tt^-^^^^fecO 

so mnshtvxxh^u x^<Dme>m&\zm-j<m 
[0050] *«wtt«*snfc*iai«K:HUTifZfiPib 

[0 0 5 1] a±a>aMK8iUT5Efc«TO««iB^'r 
(1> CCDtWTWfe«»t5fc«iO^T*^ 

[0 0 5 2] (2) CCD-b;^t?«ffir&Jiftr*fc» 
»S-l*ftlC#»-rS££\ *ECCDW©S5E* 
50 Jbot, ttE**fc*«S+vUTtJ:oTfB9l*li*« 
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13 

[0 0 5 3] (3) ^2«^ftT^ot, MlStfl 

&tniHT£5\z?z>ijm. 

[0 0 5 4] (4) 1 *-¥±>v-7i<-i*T<D&mm 

<ov\zfo& v xmmr w nz/u rx u^jv 

^ u r \z& ? xm$zmm*z\ z& zt 
^m^^-r^i^tc /\w7xi^;u£psrr*;r 

[0 0 5 5] (5) 84^at©^TJ&oT, it^-T 
[0 0 5 6] (6) m4^!2ffcCD;£jrr&oT, IWB-f 

^^■feWH ritx^/E * =7 <o-ffix 

[oo5 7] (7) m^mmmw (cmd) ccd^p 
xmm s n* * ^ fc & ^ 

[ 0 0 5 8 ] (8) mi TO*©#8s*fcWSi 7 
«rS2+irU7<Z)lliailJ;oT5l*fiC:$ns^*&tt 

mm. 
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